Aim: Catheter-based pulmonary vein isolation (PVI) has become a new option treatment for drug-resistant and symptomatic paroxysmal atrial fibrillation (AF). We aimed to assess the outcomes after radiofrequency and cryoballoon catheter AF ablation. Material and methods: We performed a single-center prospective clinical study enrolling patients who underwent catheter ablation for paroxysmal AF between 2013 and 2015. The main objective was the outcomes after AF ablation by cryoballoon or radiofrequency energy. Follow-up was performed at 3, 6 and 12 months after ablation. Results: A total of 85 patients were included: 64 assigned to radiofrequency and 21 to cryoballoon ablation. Overall success rate at 3, 6 and 12 months post-ablation was 62%, 76% and 75%, respectively. Redo procedure was required in 8 patients (10.3%) at 6 months. Success rate at 12 months was non-significantly higher in radiofrequency ablation group (76% versus 62%; p=0.56). Complication rates were equivalent, without life treating or permanent sequels. Men gender, AF duration, obesity and sleep apnoea syndrome were clinical predictors of AF recurrence at 12 months after procedure. Conclusions: Cryoballoon and radiofrequency ablation appear to be safe and effective procedures for AF treatment, with similar success rate. Men gender, AF duration, obesity and sleep apnea syndrome seem to be associated with AF recurrence after ablation.
Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia associated with important morbidity and mortality. Catheterbased pulmonary vein isolation (PVI) has become a standard treatment for drugresistant and symptomatic paroxysmal AF [1].
The increasing number of patients with drug refractory AF, as well as electrophysiology laboratories, will create in the next years an economic issue, which every cardiac electrophysiologist will have to face with [2] . Identification of AF recurrence predictors after catheter ablation is essential to reduce health costs and improve long-term results of this intervention.
Open irrigated radiofrequency (RF) and cryoballoon catheter ablation are the main techniques used for PVI as new treatment option in AF. In the last years, the cryoballoon based technique is used as a promising alternative with a shorter learning curve. The lack of data on the comparative efficacy and procedural safety between these two techniques has encouraged different studies in recent years. In this single-center prospective clinical study we assessed the outcomes after catheter ablation using cryoballoon versus RF in patients with paroxysmal AF.
Material and methods
In this single center clinical prospective study, patients with paroxysmal AF referred to undergo PVI, between 2013 and 2015, were included. The ablation procedure consisted of endocardial isolation of each PV antrum by RF energy or cryoablation.
Patient population
We enrolled prospectively and consecutively patients with symptomatic refractory paroxysmal AF referred for endocardial catheter ablation. Paroxysmal AF was defined as AF that terminates spontaneously or with intervention within 7 days of onset [2] . Patients with continuous AF who undergo cardioversion within seven days were classified as having paroxysmal AF if the cardioversion was performed within 48 hours of AF onset, and persistent AF if the cardioversion was performed more than 48 hours after AF onset [2].
Patient's selection and inclusion in the study was made according with the current guidelines [1, 2]. Inclusion criteria were: symptomatic patients aged more than 18 years and documented refractory paroxysmal AF referred for endocardial catheter ablation. Patients were fully informed about the nature of the study and provided written informed consent which was approved by the local Ethics Committee.
Exclusion criteria were: patients with valvular AF, patients with advanced left ventricular systolic function impairment (ejection fraction<35%), patients with significant chronic obstructive pulmonary disease (peak expiratory flow<40%), comorbidity with reduced life expectancy, anticipated protocol non-compliance that would limit follow-up, presence of left atrial or left atrial appendage thrombus (detected by bidimensional transesophageal echocardiography), pregnant women or planned to become pregnant during the study, and patients who refused to sign informed consent.
Endocardial catheter ablation procedure
The ablation procedure consisted of endocardial antral isolation of each pulmonary vein antrum by radiofrequency energy using a Lasso™ catheter (BiosenseWebster, CA, USA) and an open-irrigated non-force sensing catheter tip Celsius™ Thermo Cool (Biosense Webster, CA, USA) or cryo-ablation (ICE® Cryoablation System, Medtronic, USA) using the first-generation cryoballoon, as currently recommended 1,2. Both procedures were done using local anesthesia by femoral access and deep sedation with Morphine fractionated intravenous during application of energy. Antral PVI was obtained at 35W (by RF energy) and minus 40° (by cryotherapy). In patients with paroxysmal AF longer than 24 hours we used exclusively RF energy and ablation procedure was completed by complex fractionated atrial electrogram and cavotricuspid istmus ablation (if common atrial flutter was confirmed before or during procedure).
Pre-and Post-ablation Care and Followup
Before the procedure, a 12 leads ECG recording, polysomnography, transthoracic and transesophageal echocardiography and computer-tomography (CT) of the pulmonary veins were performed in all patients. Antiarrhythmic medications except amiodarone was stopped more than five halflives prior to ablation. All patients were taking acenocumarol during a minimum 4-8 weeks before intervention. Documented INR (International Normalized Ratio) between 2 and 3 was mandatory for at least 3 times prior to the procedure. Acenocumarol was continued during the procedure for an INR value about 2. Transesophageal echocardiography was performed 24 hours before intervention and during the procedure. An intracardiac thrombus was ruled out in all patients. After the procedure the patients were clinically monitored during in-hospital stay for 2 or 3 days.
The follow-up planned at 3, 6 and 12 months consisted in: clinical examination, 12 leads ECG, 24 hours Holter monitoring, and transthoracic echocardiography (for indexed left atrial volume and left ventricular ejection fraction assessed by Simpson biplane formula).
Adverse events were evaluated during hospitalization, at every follow-up and anytime during the study by the cardiologist. Antiarrhythmic and anticoagulation drugs were continued in all patients until the first follow-up. Success rate was defined as absence of AF recurrence, without antiarrhythmic drugs, confirmed by 24 hours ECG Holter monitoring. A redo procedure was decided at 6 months depending on AF burden revealed by 24 hours ECG Holter monitoring.
The primary end point in our study was the success rate at 12 months after AF ablation. The secondary end point were mean procedural time, mean energy application time, X-ray exposure, redo procedure and complication rate at 6 months in the RF group versus cryoballoon group. Parameters associated with AF recurrences after procedure were also assessed.
Statistical analysis
Data are presented as frequency distributions and simple percentages. Continuous variables are expressed as mean ± standard deviation. Multivariable analysis was used to identify the parameters associated with AF recurrences post-ablation procedure. Statistical analysis was performed using SPSS 11.5 for Windows (SPSS Inc., Chicago, IL, USA). A p value (from paired sample T test) ≤0.05 was considered significant.
Results
A total of 85 patients (51% men; mean body mass index of 28±3.4 kg/m 2 ; mean age of 57.4±8 years; mean AF duration of 6± 4.5 years) were included. Clinical baseline characteristics of the patients at baseline are shown in Table 1 . The majority of patients were hypertensive and with sleep apnea syndrome.
Thromboembolic risk was predominantly intermediate. A total of 100%, 98% and 85% of scheduled follow-up visits were attended at 3, 6 and 12 months, respectively. The presence of sinus rhythm was confirmed in 62%, 76% and 75% of patients at the scheduled follow-up visits (Figure 1 ). Redo procedure was performed in 8 patients (10.3%) at 6 months follow-up. A total of 10.3% of patients underwent a redo procedure after pulmonary vein reconnection at 6 months, while 23.1% of patients required antiarrhythmic drugs.
Significantly reverse left atrial remodeling assessed by indexed left atrial volume was obtained (from 48.9±23.4 ml before procedure to 43.6±17.1 ml at 12 months; p=0.026) due to a stable sinus rhythm after PVI isolation. Comparative data for patients with/without AF recurrence at 12 months are presented in Table 3 . A total of 15% of patients were lost from follow-up. Significantly more men were in sinus rhythm at 12 months. Men gender, AF history, obesity and sleep apnea syndrome were identified by multivariable analysis with 69% sensibility and 69.8% specificity as clinical predictors of AF recurrence after PVI. Left ventricular ejection fraction < 50% 5 (9.4%) 0 (0%) 0.408 ª The most common method is the use of RF current applied in a point-by-point mode, in order to produce tissue heating and cellular necrosis. Cryoballoon ablation of the pulmonary veins is a new technique expected to have similar results to RF procedure, but with fewer complications. The method uses cryogenic energy applied with a balloon in a single-step mode, which leads to necrosis by freezing. Even if it involves a higher radioscopy exposure, the cryoballoon seems more appealing because it can be practiced by conventional means, creating a circular lesion around each pulmonary vein in a relatively simple manner. In opposition, RF ablation is a complex procedure that requires extensive training, since the cardiac anatomy is reconstructed with all its peculiarities with the use of an electro-anatomical mapping system (Carto 3D).
Radiofrequency ablation has the advantage of being applicable regardless of the mechanism of AF initiation (pulmonary vein triggers, non-pulmonary vein triggers, micro or macro-reentry) or perpetuation, while cryoballoon ablation can be applied in AF initiation mechanism exclusively by pulmonary vein ectopies. Also, in choosing the appropriate treatment method, one must consider that cryoballoon ablation is indicated only in patients with paroxysmal AF and structurally normal heart, whereas RF ablation can be applied in patients with paroxysmal or persistent AF and an AF substrate (cardiomyopathy).
Pulmonary-vein isolation is a challenging ablation strategy in the treatment of patients with paroxysmal or persistent AF. Achieving acute pulmonary vein isolation does not guarantee long-term electrical isolation of the pulmonary veins. ablation is a highly desirable objective since it would help the community of cardiac electrophysiologists in reducing unnecessary procedures, in limiting complications and in reducing health care costs. We assessed the outcomes after these two techniques, and we identified the parameters associated with AF recurrence at 12 months after PVI. Previous studies comparing RF ablation with cryoballoon ablation have found comparable results of these two technologies [3] [4] [5] [6] [7] . Only a small number of studies showed a higher efficacy of cryoballoon ablation [8] [9] [10] and a trend for more recurrences and complications in the RF group (probable due to more favorable risk profile in patients undergoing cryoballoon ablation) [11] . In this study, RF ablation has had similar results as cryoballoon ablation at 12 months. Cryotherapy was associated with shorter ablation time, but higher fluoroscopy time. Overall complication rate was 5.1% in our study, lower than the 13.5% rate reported in the Sustained Treatment of paroxysmal Atrial Fibrillation (STOP AF) trial [12] . However a large recently published metaanalysis shown that cryoballoon ablation seems to be associated with greater freedom from AF, shorter procedural time, and lower rate of major complications, compared with radiofrequency ablation [13] .
We found a significant reverse left atrial remodeling after PVI due to maintenance of stable sinus rhythm. The benefits of AF ablation and long term success seem to be dependent on the stage of LA structural remodeling and not on paroxysmal or persistent nature of AF [14] . The reverse remodeling of the LA structure and function after catheter ablation of AF is significantly better when performed in the early stage of arrhythmia with mild LA structural remodeling [14] .
Using multivariable analysis we found that men gender, AF history, obesity and sleep apnea syndrome were clinical predictors of AF recurrence with a good sensibility and specificity. However, identification of AF recurrence predictors after catheter ablation is a challenging task due to the extreme heterogeneity of the data published in the literature [15] [16] [17] .
Although, aggressive risk factor management improved the long-term success of AF ablation [18] , only aggressive blood pressure treatment did not reduce atrial arrhythmia recurrence after catheter ablation for AF [19] . Therefore it is very difficult to analyze taking into consideration all factors associated with success rate or recurrences after AF ablation, irrespective of technique used for PVI.
Study limitations
This is a small prospective nonrandomized study. All patients included in the study were with paroxysmal AF less than 24 hours or less than 7 days. Therefore, it might be discussed about a kind of inhomogeneous study group even all patients according with current definition were with paroxysmal AF. The small number of patients included in the study made more difficult interpretation of the results in the subgroups study. For example, it cannot be excluded the contribution of obesity or sleep apnea or AF duration when analyzing comparative data in patients with recurrences versus success rate.
Conclusion
Cryoballoon and radiofrequency ablation appear to be safe and effective procedures for atrial fibrillation treatment, with similar success rate. Men gender, atrial fibrillation duration, obesity and sleep apnea syndrome seem to be associated with atrial fibrillation recurrence after ablation.
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